Summary: Comparative analysis of bacterial plasmids from whole genome sequence (WGS) 14 data generated from short read sequencing is challenging. This is due to the difficulty in 15 identifying contigs harbouring plasmid sequence data, and further difficulty in assembling such 16 contigs into a full plasmid. As such, few software programs and bioinformatics pipelines exist to 17 perform comprehensive comparative analyses of plasmids within and amongst sequenced 18 isolates. To address this gap, we have developed Plasmid Profiler, a pipeline to perform 19 comparative plasmid content analysis without the need for de novo assembly. The pipeline is 20 designed to rapidly identify plasmid sequences by mapping reads to a plasmid reference 21 sequence database. Predicted plasmid sequences are then annotated with their incompatibility 22 group, if known. The pipeline allows users to query plasmids for genes or regions of interest and 23 visualize results as an interactive heat map. 24 25 26 27 28 29 30 31 32 33 Plasmid Profiler: Comparative analysis of plasmid content Availability and Implementation: Plasmid Profiler is freely available software released under 34 the Apache 2.0 open source software license. A stand-alone version of the entire Plasmid 35 Profiler pipeline is available as a Docker container at 36 https://hub.docker.com/r/phacnml/plasmidprofiler_0_1_6/. 37
Introduction 53
Plasmids are circular or linear extrachromosomal double-stranded DNA molecules 54 capable of self-replication in a host and transfer between host cells. They are highly variable 55 both in length (from one to several hundred kilobases) and number of copies per cell with many 56 plasmids harboring genes beneficial to host fitness and pathogenicity. These genes confer 57 benefits like antimicrobial resistance (AMR), organic product degradation, and virulence factors 58 such as toxin production. Carriage and transfer of pathogenicity and AMR determinants makes 59 development of epidemiologically relevant tools and plasmid classification systems important 60 health care research topics. It was to these ends that in response to a multi-species plasmid-61 mediated drug-resistant outbreak Plasmid Profiler was developed to explore and visualize 62 cellular plasmid content directly from whole genome sequencing short reads. 63
The backbone of a given plasmid contains genes essential to its maintenance and stable 64 inheritance (Nordstrom,K. and Austin,S.J. 1989, Shintani,M., Sanchez,Z.K., et al. 2015). This 65 gives rise to one common method of plasmid classification driven by the concept of incompatibly 66 grouping where two plasmids with the same incompatibility group cannot replicate within the 67 same cell. These groups are defined by the plasmids replication or equipartitioning systems 68 (Couturier,M., Bex,F., et al. 1988 ). Currently, we are able to screen for 116 incompatibility 69 groups and subgroups based on the sequences within the Enterobacteriaceae plasmid typing 70 database provided by PlasmidFinder (Carattoli,A., Zankari,E., et al. 2014). 71
The role of plasmids in health and disease makes them important to characterize; 72 however, due to their structure it is stubbornly difficult to do so. Extensive mosaicism, repetitive 73 sequences, and smaller mobile elements (eg. transposons) within plasmids collectively impede 74 the ability to discriminate between plasmid and chromosomal DNA in whole genome 75 sequencing (WGS) data analysis. All sequences containing the following annotation keywords: "draft", "contig", "scaffold", "partial", 98 "incomplete", and "putative" were removed to avoid incomplete and low quality plasmid 99 sequence data. The database was then formatted for SRST2 using the Python scripts included 100 Plasmid Profiler: Comparative analysis of plasmid content in the SRST2 distribution. The user-modifiable replicon and genes of interest database is a 101 multi-fasta file with plasmid replicon sequences from PlasmidFinder (Center for Genomic 102
Epidemiology's PlasmidFinder database available at: https://cge.cbs.dtu.dk//services/data.php) 103 along with user-defined nucleotide sequences for genes of interest. These three elements are 104 then passed to the tools of the workflow. The percent ID (PID) of each BLAST hit is adjusted by multiplying it by the ratio of query to hit 140 length to compensate for hits with high PID but incomplete sequence coverage. Hits of less than 141 80% adjusted PID are discarded. Each identified plasmid is labelled with its associated 142 incompatibility group (if no match is found then this is reported as "-") and presence/absence of 143 the user-specified genes of interest (eg. AMR genes). Sureness values are calculated for each 144 sample from the sum of sequence coverage (normalized over the range 0 to 1) and sequence 145 divergence (normalized over the range -1 to 0). This measure is then normalized over the range 146 filtering applied is noted here; E) plasmid names below the heatmap are coloured according to 163 the best hit AMR gene or user-specified gene of interest found within that plasmid.
